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Abstract 
A method of nonoxidation detection of NO in breath is developed as an alternative to the expensive chemiluminescence 
technique. For this purpose the comparative characteristics of sensors, developed on the WO3 and ZnO basis and intended for 
defining nitric oxide microconcentrations in exhaled air, have been investigated. The impulse temperature mode of operation was
used for sensor working. The mathematical method of sensor signals processing in presence of other exhaled air background 
gases was applied. The minimization of sensors quantity for gas component analysis makes simplify mathematical processing of 
results at certain experiment conditions. The threshold of sensitivity to NO is equal to 10 ppb.  
A monitoring device for measuring NO in breath has been made. It is complex system with of sample preparation block, 
measuring block and special software. First tests have been fulfilled at medical institute. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The recent years investigations proved that the nitric oxide is one of the most important biological mediators as it 
takes part in many physiological processes in a human organism. This fact enables to perform quick diagnostics and 
monitor development of many serious diseases such as bronchial asthma [1, 2]. One of express and reliable 
noninvasive methods can be based on defining concentrations of NO in the exhaled air. The semiconductor sensors 
based on metal oxides are most appropriate for decision of this aim. Their activity and selectivity to some gases is 
defined by different parameters but basic parameter is working temperature of sensitive layer. The application of 
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one sensor with controlled change temperature in time is proposed for nitric oxide detection in multi-component gas 
system. For this purpose we used special temperature conditions of semiconductor sensor working. 
We continued sensors investigations, based on semiconductor films for this purpose [3]. The comparative 
characteristics of sensors, developed on the basis of ZnO and WO3 and intended for defining nitric oxide micro 
concentrations in the breath have been investigated.  
2. Experimental 
An encapsulated construction of this sensor is shown in Fig 1. The sensitive element consists of an alumina 
substrate (2) measured 2 x 0.5 x 0.2 mm. One side of the substrate is covered with a gas sensitive film (1); the other 
side of the substrate bears a film heater made of platinum paste (3). The film heater is, at the same time, a thermal 
resistor in the sensor. Platinum wires (5) 20 mm in diameter connect the sensitive element with the leads (7) of 
metal panel (6). The sensor contacts the environment via porous metal casing (4). 
The properties of the developed sensors were examined by the method of dynamic gas blending utilizing the 
sample gas mixtures, dynamic blender and test ampoules by “Dräger”. Heating of sensors, conductivity and 
resistance measurements were maintained by two 16-channel measuring units and IBM PC program which operates 
in real time.  Up to 32 sensors are able to be installed in the measuring chamber. Device allow to stabilized of 
sensors temperature in the range of 30 - 500 0C with accuracy 1 0C. Developed measuring unit allows to conduct 
simultaneously measurements of resistance of gas-sensitive layers on 32 channels in the range 500 Ohm – 1,5 
GOhm with accuracy 2,5 %. Besides, measuring unit regulates and controls heating of sensors in time.  
Fig. 1. Construction of a semiconductor sensor: 1- gas sensitive film; 2 –substrate; 3 – heater; 4 - metal porous casing; 5 - platinum wire; 
5 - metal frame; 6 – leads. 
                                                                                                                                                                                 
The investigations of interaction between sensors and analyzed gas showed that products of reactions will not 
remain on the surface of the sensor if the temperature of sensitive layer is too small. Surface is not able to be 
recovered, that interrupts the sorption of gas in the future measurements. If the temperature of sensitive layer is very 
high, then analyzed gas is not able to be adsorbed on the surface of sensor. Therefore, working temperature of 
sensitive layer is to be optimal. Besides, changing of sensors resistance in the presence of NO has to be maximal. 
So, the investigations were carried out under the sensor thermal stabilization conditions in the range 50 - 400 0C
with the constant values of the heater resistance and applied power. Measured sensors show the best sensitivity to 
NO on temperature 150 0ɋ as represented on Fig 2.  
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Fig. 2. Results of measurements top-down (working temperature – 150 0C): ZnO – 40 ppb NO; WO3 - 40 ppb NO; 
ZnO – 10 ppb NO; WO3  – 10 ppb NO. 
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3. Results and discussion 
The sensor signal stabilization and repeatability are insufficient at such low temperature as 150 0C. Taking into 
account this fact there is necessity to keep a special temperature conditions for sensor working regime. It 
complicates the task of the equipment development.   
A device for measuring NO concentration has been made. Functional measuring scheme is represented in Fig 3. 
The basis of an NO device is the measuring block. The block is microprocessor-based, multifunctional measuring 
instrument. It makes measurements, processes obtained analogous values and sends results to LC display, controls 
compressor and realizes other supplementary functions.  
Fig. 3. Functional measurement scheme. 
The 32-bit ARM microcontroller is used as a core. It realizes control of all measuring block’s parts, carries out 
data collection and processing, NO concentration calculation and supports device’s tie with computer. Control block 
realizes temperature heater setting and stabilization with accuracy ±1 0C. It also operates microcompressor and 
stabilizes flow. Measuring block consists in high-frequency 24-bit Ȉ-ǻ ADC. It measures, increases, and normalizes 
sensors’ signal. High-frequency operational boosters with high entrance impedance are part of measuring block. 
Sensor block consists in electrochemical oxygen sensor, thermometer flow sensor, semiconductor NO sensor, 
capacity humidity sensor, temperature sensor and microcompressor. A compressor of the flow rate (0.25 - 0.75 
l/min) is used for passing the tested air sample through the cell. 
Measuring NO concentrations and sending interpreted date to the LC display is performed at a time constant that 
is equal to 1 s. The NO concentration is measured at the range from 10 to 200 ppb. A personal computer controlled 
by software remembers the calibration data. It is necessary to do previous heating of the gas sensitive layer to a 
definite temperature to correct operation of the NO sensor. At this temperature the rate of oxidation of the gas 
sensitive layer increases, this correspondingly changes a resistance of the NO sensor. The resistance values depend 
on NO concentrations in tested air.  
A temperature impulse mode effect on a sensitive layer was used for the model gas mixtures and breath analysis.  
The time cycle is equal to 180 seconds. It allows finding conditions of stable sensor working. Sensors based on ZnO 
had high repeatability of gas sensitivity and resistance’s stability. Sensors showed high sensitivity to presence of NO 
micro concentrations at 10 ppb level in artificial air (Fig 4a).  
The breath may contain, together with nitric oxide (bronchial asthma marker), other gases, such as acetone, 
ethanol and carbon monoxide, in micro concentrations; the level of oxygen in exhaled air may go down to 15 vol. 
%. For this reason the breath analysis should be comprehensive. Influence of other gases, possible to be present in 
breath, was investigated. Frequency the problem of sensor’s selectivity appears at investigations of gas mixtures. 
The influence of other gases present in an exhaled air at 150 0C is minimal and can be estimated when the signals of 
sensors are mathematically processed. Oxygen influence takes into account as it is sizeable (Fig 4b).  For this 
purpose the GRNN method based on the Radial Basis Networks (RBN) was used.  
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Fig. 4. (a) Typical results of measurements - window of the device (ZnO; working temperature – 150 0C): 1 - 10 ppb NO, 2 – 25 ppb NO, 
3 – 50 ppb NO; (b) 1 - 19,5 % O2, 2 – 15 % O2. Yellow line – measured resistance; blue  and green lines – calculated results.  
The influence of other gases present in an exhaled air at 150 0C is minimal and can be estimated when the signals 
of sensors are mathematically processed. Oxygen influence takes into account as it is sizeable (Fig. 4b).  For this 
purpose the GRNN method based on the Radial Basis Networks (RBN) was used.  
The measurements of nitric oxide (NO) concentrations in nasal exhaled breath air of healthy volunteers and 
patients with bronchial asthma (BA) and allergic rhinitis (AR) have been performed using a method of nonoxidation 
detection, which is developed as an alternative to the expensive chemiluminescence technique.  The objective of the 
study is a test of diagnostic capabilities, and also the development of sampling techniques based on spontaneous 
breath, which is more suitable for children patients. The nasal breath air sampling was performed to the collector 
bag during the spontaneous nasal exhalation and subsequent oral inhalation. It was investigated 4 healthy adult 
volunteers and 8 children patients with BA and AR of different severity aged from 10 to 17 years. The mean value 
of nasal NO (nNO) in the spontaneously exhaled air was 76.0±5.1 ppb in the healthy volunteers group. The mean 
value of nNO concentrations in the group with allergic diseases was 105.5±15.5, which is significantly higher than 
in the control group. The lowest nNO level (83 ppb) was found in the patient with all-the-year-round AR in the 
remission phase and was practically equal to the corresponding levels of healthy adults. The highest nNO levels 
were registered for children with moderate AR during exacerbation when the steroid therapy was not used. The 
mean nNO value in this group was 119.2±4.0 ppb and significantly higher than the analogous values in the groups of 
both healthy volunteers and children with AR receiving topic steroids. 
4. Conclusion 
These studies make it possible to raise the accuracy of measurements by taking account of the effect of the 
factors influencing on sensor readings and by making use of the method of neural networks for the mathematical 
processing of the measurement results. The sensors, intended for measuring microconcentrations of 10 ppb of NO in 
exhaled air, and a device based on these sensors are presented. The device may offer solution to a most important 
task in medicine – to provide a tool for measuring NO concentrations in exhaled air and, in that way, perform quick 
diagnostics to patients suffering from upper respiratory track diseases, especially from bronchial asthma.
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